The purpose of this investigation was to determine if a structured, home-based exercise program was beneficial to reduce symptoms of chemotherapy-induced peripheral neuropathy and improve quality of life (QOL). A total of 50 women who are breast cancer survivors and are listed in the Breast
Introduction
At present, more than 11.4 million men and women are living as cancer survivors; 1 a substantial increase from just a few decades ago. This surge in survivorship is primarily due to early detection and advances in treatment options. 2 However, such treatments often result in long-term physical and psychological sequelae that impact the cancer survivor's quality of life. 3 One such treatment option, chemotherapy, works by interrupting the cell cycle and preventing cell proliferation. 4 While effective at stopping cancer growth, the negative side of systemic chemotherapeutic agents is that normal cells, as well as malignant cells, are disrupted. This leads to many side effects and often long-term morbidities, 4 impacting functional ability and quality of life. The most common neurological side effect of chemotherapy is damage to the peripheral nervous system, 5 which is referred to as chemotherapyinduced peripheral neuropathy (CIPN). The peripheral toxicity involved with CIPN is specific to each chemotherapy drug class, and in most cases, appears to be dose and duration dependent. The chemotherapy agents Docetaxel, Paclitaxel, or Vinorelbine often result in symptoms of CIPN.
The mechanism behind CIPN is not fully understood, and therefore prophylactic and symptomatic treatments are largely ineffective. 6 While some of these therapies provide modest improvements in neurological function, in most instances, these agents are associated with additional negative side effects for cancer patients, including cardiac conduction defects and increased chemotherapy resistance. [7] [8] [9] Thus, other interventions that address the symptoms of CIPN should be considered. One intervention that has the potential of preventing or alleviating CIPN is exercise rehabilitation. Two decades of research support the link between exercise and improved treatment tolerance in cancer patients. [10] [11] [12] [13] [14] [15] [16] [17] These studies focus on such toxicities as the effect of exercise on cardiovascular toxicity, musculoskeletal damage, fatigue, and quality of life, to name a few. However, there have been no published clinical trials examining the role of exercise in preserving neurological function following chemotherapy. It is plausible that exercise would attenuate symptoms of CIPN, as both short term and long term exercise have been shown to have a local effect on peripheral nerves, inducing positive changes in both the vasculature and metabolic systems. 18 Numerous studies on the effect of exercise in populations with diabetic peripheral neuropathy have also produced promising results, [14] [15] [16] further supporting this hypothesis.
In a previous investigation, our lab surveyed the current exercise behaviors of individuals experiencing symptoms of CIPN. Only 15% of patients surveyed were currently meeting the recommended levels of physical activity. These patients reported a significantly higher quality of life (QOL) and experienced less pain than their sedentary counterparts, 19 lending some credibility to the hypothesis that an exercise intervention would be beneficial in attenuating symptoms of CIPN and improving the overall QOL of cancer patients. Thus, the purpose of this investigation was to determine if a structured, home-based exercise program is beneficial to reduce symptoms of CIPN and improve QOL.
Materials and Methods

Subjects
This investigation used a nonprobability sample of convenience. Women who met the eligibility criteria and were listed in the Breast Cancer Registry of Greater Cincinnati (BCRGC) database were recruited by mail. The eligibility criteria included women who i) have been diagnosed with CIPN by their oncologist, OR ii) were currently taking the chemotherapy agents Docetaxel, Paclitaxel, or Vinorelbine, iii) were previously sedentary, iv) have access to a computer and internet, and v) were able to read and write English. The BCRGC is a database established by the University of Cincinnati, Department of Environmental Health for the purpose of supporting studies that focus on breast cancer issues. Women who are breast cancer survivors and are located in the Greater Cincinnati Area may become members by signing a consent form and completing a self-report registration form that includes questions specific to the detection, diagnosis, and treatment of their disease. Approximately 50 women listed in the BCRGC met the eligibility criteria of the study and were recruited as study participants. All forms and procedures were approved by the Wright State University Institutional Review Board, as well as the BCRGC, prior to the onset of data collection.
Data collection
Data collection took place over three phases. First phase: After a woman indicated her willingness to participate in the study, a packet was mailed to her. This packet contained an informed consent, a cancer history questionnaire, the McGill QOL questionnaire, the Leeds Assessment of Neuropathic Symptoms and Signs, and a self-addressed, stamped envelope. Women were asked to return the completed informed consent and questionnaires within two weeks of receiving the packet. Women who did not return the packet within two weeks were sent a reminder postcard.
Second phase: Once the packet was returned, a personal meeting was arranged between the PI and each woman. At this meeting, each woman was given a moderate-intensity home-based exercise program, along with three exercise thereabands (each of a different resistance), and a pedometer. Patients were given detailed instructions on how to perform each exercise listed on the form at a moderate intensity, monitor their heart rate, and stretch before and after each exercise. Also at this meeting, the patient was registered in the website www.onlinefitnesslog.com. This interactive website provides the opportunity for each patient to report and track her exercise status. After logging into the website, a detailed log sheet is provided to each patient, whereby she can enter such information as exercise duration, steps taken, sets and reps completed, rating of perceived exertion, and the like. The patient was instructed on how to log into the on-line program and fill out the activity log. Women were instructed to perform the home-based exercise program at a moderate-intensity (55-65% of their estimated maximum heart rate), and their goals were increased gradually over the 10 week period. In Week 1, the suggested goal was walking briskly twice/week for 10 min, and by Week 10, walking for 30 min/day on at least 5 days during the week, consistent with the Surgeon General's recommendation. 20 Participants were also instructed to do the resistance training exercises a minimum of 3 times each week for the 10-week period. At the conclusion of each exercise session, women were asked to complete their activity log for monitoring of progress. Participants received weekly phone calls from the research staff, where the participant's activity was reviewed, progress was reinforced, and goals were set for the following week.
Third phase: At the completion of the 10-week exercise period, a final packet was mailed to the patients. This packet contained the McGill QOL questionnaire and the Leeds Assessment of Neuropathic Symptoms and Signs. Patients were asked to fill out both questionnaires and send them back to the PI.
Statistical analyses
All results were expressed as means+SE. Pre-and post-intervention data (QOL and Neuropathic Pain) were analyzed using a repeated measures ANOVA. A significance level of α<0.05 was used for all statistical analyses.
Results
Subjects
Initially, 50 women were contacted for participation in this investigation. A total of 14 women indicated a willingness to participate, however, 8 women dropped out of the study during the course of the 10-week training program. Reasons for ceasing participation included lack of motivation to continue exercise program and being too busy to meet the exercise goals. Thus, a total of 6 females completed the 10-week home-based exercise program. Table 1 presents the subject characteristics of these participants, along with their course of treatment.
Descriptive data and adherence
Descriptive data for the continuous adherence measures were summarized. Sums of pedometer steps were calculated based on reported data. In the event of missing data (e.g. participant forgot to wear the pedometer while exercising), the total steps per week was based on the rest of her reported data. Table 2 presents Exercise Adherence Data. A significant increase in mean exercise session steps/week was observed from Week 1 (4441.70±322) to Week 10 (14673.43±4356) (P<0.001).
Psychological questionnaires
The McGill QOL questionnaire was administered both before and after the 10-week home based exercise program. One question on the questionnaire was analyzed. Patients were asked to indicate on a scale of 1-10 the level of troublesome symptoms they have experienced related to their peripheral neuropathy over the last two days. Figure 1 presents the results from this analysis. It was determined that prior to the start of the exercise program patients reported significantly higher levels of troublesome symptoms (Pre-HBEx = 7.25±0.3) than after 10-weeks of home-based exercise (PostHBEx = 3±0.4; P=0.05). Table 3 presents raw patient data, indicating each patient's response to this question on the QOL questionnaire. 
Article
Pain questionnaire
The Leeds Assessment of Neuropathic Symptoms and Signs questionnaire asks respondents to classify and describe the neuropathic pain they experience. Prior to the 10-week exercise program, participants described their pain as unpleasant skin sensations (PreHBEx, N=6), abnormally sensitive to touch (Pre-HBEx, N=6), and as coming on suddenly in bursts for no apparent reason (Pre-HBEx, N=5). Following 10-weeks of exercise, participants reported experiencing less of these symptoms (Post-HBEx, N=3, 1, and 4 respectively; P=0.05). Table 4 presents raw patient data, indicating each patient's response to this question on the Leeds Assessment of Neuropathic Symptoms and Signs questionnaire.
Discussion
The purpose of this investigation was to determine if a structured, home-based exercise program was beneficial to reduce symptoms of CIPN and improve QOL. Major findings revealed that among those who completed the exercise program, 10-weeks of home-based exercise significantly lowered levels of both troublesome symptoms and pain symptoms (specifically, skin was less abnormally sensitive to touch). While pain sensations and sudden bursts of pain also appeared to decrease following the exercise program, these observations were not significant.
Resistance and aerobic exercise are associated with improvements in nerve conduction velocity 21, 22 and increased axon regeneration. 23 Long-term exercise has also been shown to induce changes in both the vasculature and metabolic systems. 24 Chronic changes in blood flow can produce changes in the lumen diameter of blood vessels. Increased blood flow exposes blood vessels to shear stress, which augments vasodilation. 25 Crosssectional studies have documented that regular, strenuous exercise results in larger lumen diameters than in untrained healthy controls. 26 This vascular remodeling is robust and occurs even in response to moderate exercise training. 27 This exercise-induced increase in capillarity works to offset the microvascular dysfunction which contributes to and exacerbates peripheral neuropathy. 28 In addition to these positive changes associated with the vasculature of the patient, it is possible that exercise may help decrease the pain associated with CIPN. In healthy subjects, acute exercise has been shown to transiently decrease pain perception; a condition referred to as Exercise-Induced Hypoalgesia (EIH). Both pain thresholds and pain tolerance levels have been reported to increase, while intensity ratings of pain appear to decrease following exercise intensities between 60 to 75% (up to 85% in women). [29] [30] [31] Since the patients in the present investigation were instructed to exercise at a moderate intensity, it is plausible that they did not exercise at a high enough intensity to produce similar algesic effects.
Conclusions
Although this investigation produced promising results for individuals with CIPN, it was not without limitations. Namely, there was a low adherence rate. While the investigators tried to improve compliance through weekly phone calls and personal meetings, we had difficulty getting subjects to complete the 10-week program. However, it is noteworthy that our adherence rates were similar to that of the healthy population, where approximately 50% drop out of an exercise program within the first 6 weeks of starting it. 32 It is also plausible that the subjects did not exercise at a high enough intensity to produce more significant results. However, EIH has been reported following self-selected aerobic exercise intensities, in which the exercise intensity was determined by the subject. 33, 34 Since these exercise sessions were not supervised by a trained exercise professional, we have no way of knowing if the appropriate intensity was maintained throughout the exercise session, or if the patient over-reported their exercise intensity. Therefore future follow-up investigations involving an individualized exercise program prescribed and supervised by a certified Cancer Exercise Specialist are warranted.
Finally, the possibility of a placebo effect cannot be ruled out. Although there are no documented clinical trials examining the effect of exercise on symptoms of CIPN, it is plausible that if symptoms of CIPN become severe enough, they would prevent a patient from exercising all together. This could explain the high dropout rate noted in the present investigation, and could be an explanation for the high incidence of sedentary patients in our previous investigation. 19 
